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Abstract. We have analyzed the experimental data on K+Λ photoproduction by using a multipole ap-
proach. In this analysis we use the background amplitudes constructed from appropriate Feynman diagrams
in a gauge-invariant and crossing-symmetric fashion. Results of our analysis reveal the problem of mutual
consistency between the new SAPHIR and CLAS data. We found that the problem could lead to differ-
ent conclusions on “missing resonances”. We have also extended our analysis to the finite Q2 region and
compared the result with the corresponding electroproduction data.
PACS. 13.60.Le Meson production – 25.20.Lj Photoproduction reactions – 14.20.Gk Baryon resonances
with S=0
1 Introduction
In the last decades, there have been a large number of at-
tempts devoted to understand hadronic interactions in the
medium energy region. However, due to the nonperturba-
tive nature of QCD at these energies, hadronic physics
continues to be a challenging field of investigation.
One of the most intensively studied topics in the realm
of hadronic physics is the associated strangeness photo-
production. High-intensity continuous electron beams pro-
duced by modern accelerator technologies, along with un-
precedented precise detectors, are among the important
aspects that have brought renewed attention to this sub-
ject.
On the other hand, the argument that some of the reso-
nances predicted by constituent quark models are strongly
coupled to strangeness channels, and therefore intangible
to πN → πN reactions that are used by Particle Data
Group (PDG) to extract the properties of nucleon reso-
nances, has raised the issue of “missing” resonances. As
a consequence, recent analyses of strangeness photopro-
duction have mostly focused on the quest of missing reso-
nances [1]. With the new CLAS data appearing this year
[2], this becomes an arduous task, since several recent phe-
nomenological studies found a lack of mutual consistency
between the recent CLAS and SAPHIR [3] data.
In view of this, it is certainly important to investi-
gate the physics consequence of using each data set. Ide-
ally, this should be performed on the basis of a coupled-
channels formalism. However, the level of complexity in
such a framework increases quickly with the addition of
resonance states. It is widely known that in kaon pho-
toproduction too many resonance states can contribute,
whereas there is a lack of systematic procedure to de-
termine how many resonances should be built into the
process. Thus, for this purpose, we constrain the present
work to a single-channel analysis, but we use as much as
possible nucleon resonances listed by PDG. This has the
advantage that we can simultaneously explore the impor-
tance of higher spin states in kaon photoproduction.
2 Kaon Photoproduction
2.1 Formalism
The background amplitudes are obtained from a series of
tree-level Feynman diagrams. They consist of the standard
s-, u-, and t-channel Born terms along with the K∗(892)
and K1(1270) t-channel vector mesons. Altogether they
are often called extended Born terms.
The resonant multipoles for a state with the massMR,
width Γ , and angular momentum ℓ are assumed to have
the Breit-Wigner form [4]
ARℓ±(W ) = A¯
R
ℓ±cKY
fγR(W )Γtot(W )MR fKR(W )
M2R −W
2 − iMRΓtot(W )
eiφ, (1)
where W represents the total c.m. energy, the isospin fac-
tor cKY is −1, fKR is the usual Breit-Wigner factor de-
scribing the decay of a resonance R with a total width
Γtot(W ) and physical mass MR. The fγR indicates the
γNR vertex and φ represents the phase angle. The Breit-
Wigner factor fKR is given by
fKR(W ) =
[
1
(2j + 1)π
kW
|q|
mN
W
ΓKY
Γ 2tot
]1/2
, (2)
withmN and kW indicating the nucleon mass and the pho-
ton equivalent energy, respectively. The energy dependent
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partial width ΓKY is defined through
ΓKY = βKΓR
(
|q|
qR
)2ℓ+1 (
X2 + q2R
X2 + q2
)ℓ
WR
W
, (3)
where the damping parameter X is assumed to be 500
MeV for all resonances, βK is the single kaon branching
ratio, ΓR and qR are the total width and kaon c.m. mo-
mentum at W = MR. The γNR vertex is parameterized
through
fγR =
(
kW
kR
)2ℓ′+1 (
X2 + k2R
X2 + k2W
)ℓ′
, (4)
where kR is equal to kW calculated at W =MR. For Mℓ±
and Eℓ+: ℓ
′ = ℓ, whereas for Eℓ−: ℓ
′ = ℓ− 2 if ℓ ≥ 2. The
values of ℓ and ℓ′ as well as other parameters are given in
Ref. [5]. All observables can be calculated from the CGLN
amplitudes
F=σ · bF1 − iσ · qˆ σ · (kˆ × b)F2 + σ · kˆ qˆ · bF3
+σ · qˆ qˆ · bF4 − σ · qˆ b0F5 − σ · kˆ b0F6 (5)
where bµ = ǫµ − (kˆ · ǫ/|k|)kµ. For photoproduction only
the first four amplitudes Fi are relevant. They are related
to the electric and magnetic multipoles given in Eq. (1) by
F1 =
∑
ℓ≥0
{
(ℓMℓ++ Eℓ+)P
′
ℓ+1 + [(ℓ+ 1)Mℓ−+ Eℓ−]P
′
ℓ−1
}
,
F2 =
∑
ℓ≥1
[(ℓ+ 1)Mℓ+ + ℓMℓ−]P
′
ℓ ,
(6)
F3 =
∑
ℓ≥1
[
(Eℓ+ −Mℓ+)P
′′
ℓ+1 + (Eℓ− +Mℓ−)P
′′
ℓ−1
]
,
F4 =
∑
ℓ≥2
(Mℓ+ − Eℓ+ −Mℓ− − Eℓ−)P
′′
ℓ .
2.2 Numerical Results
The number of free parameters is relatively large. To re-
duce this we fix both gKΛN and gKΣN coupling constants
to the SU(3) predictions and fix masses as well as widths
of the four-star resonances to their PDG values. Due to
the problem of mutual consistency between SAPHIR and
CLAS data, in the fitting procedure we define two differ-
ent data sets. In the first set (Fit 1) we use the SAPHIR
and LEPS data, while in the second one (Fit 2) we use
the CLAS and LEPS data. In total we use 15 nucleon res-
onances listed by PDG. The χ2 minimization fit is per-
formed by using the CERN-MINUIT code.
To further investigate the importance of the individual
resonances we define a parameter
∆χ2 =
χ2All − χ
2
All−N∗
χ2
All
× 100% , (7)
where χ2All is the χ
2 obtained by using all resonances and
χ2All−N∗ is the χ
2 obtained by using all but a specific res-
onance. Therefore, ∆χ2 measures the relative difference
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Fig. 1. Significance of the individual resonances in our fits.
between the χ2 of including and of excluding the corre-
sponding resonance. The result is shown in the histogram
of Fig. 1.
Except for S11(2090), P11(1710),D13(2080), F15(1680),
and G19(2250), for which the ∆χ
2 are almost similar,
the histogram shows that the new CLAS and SAPHIR
data can be only explained by different sets of nucleon
resonances. Constraining the ∆χ2 & 6%, e.g., leads to
the fact that the important resonances in Fit 1 are the
S11(1650), P13(1720), D13(1700), D13(2080), F15(1680),
and F15(2000), while Fit 2 needs the P13(1900),D13(2080),
D15(1675), F15(1680), and F17(1990).
It is interesting to note here that both Fit 1 and Fit
2 support the requirement of the D13(2080) in this pro-
cess. Surprisingly, all new data reject the need for the
P11(1710), while the new CLAS data do not require the
P13(1720) resonance. Although most recent analyses of the
K+Λ channel have included these intermediate states, this
conclusion corroborates the finding of Ref. [6].
Another new phenomenon is the contribution from the
F15(2000) and F17(1900), which are quite important ac-
cording to SAPHIR and CLAS data, respectively. These
resonances have not been used in most analyses, espe-
cially in the isobar model with diagrammatic technique,
since propagators for spins 5/2 and 7/2 are not only quite
complicated in this approach, but also their forms are not
unique.
In Fig. 2 we show the comparison between the results
of Fit 1 and Fit 2 with the CLAS data. The LEPS data
are also shown in this case. It is obvious from the figure
that the LEPS data are closer to the CLAS data. From this
figure it is also clear that the largest discrepancy appears
between W = 1.75 GeV and 1.95 GeV in the forward
direction, whereas in the backward direction the discrep-
ancies show up in a wider range, i.e., from 1.8 to 2.4 GeV.
It is also important to note that at the very forward and
backward angles the two data sets exhibit very different
trends. The CLAS data tend to rise at these regions, while
the SAPHIR data tend to decrease. Nevertheless, this does
not happen in the whole energy region. Especially near
the forward angles, where we found that the result of Fit
2 (the new CLAS data) shows more structures than that
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Fig. 2. Differential cross sections obtained from Fit 1 (solid
curves) and Fit 2 (dashed curves) as a function of the total
c.m. energy. Solid circles, squares, and triangles represent ex-
perimental data from the CLAS, SAPHIR, and LEPS collab-
orations, respectively.
of Fit 1. To have a better view of this, in Fig. 3 we present
the three-dimensional plot of the differential cross section
as functions of W and cos θ.
Prediction for the total cross sections of both fits is
shown in Fig. 4. From this figure it is clear that the ex-
tracted total cross sections from both collaborations are
consistent with their differential cross sections.
We have investigated the origin of the second peak at
W ≈ 1.9 GeV as shown in Fig. 4. The result indicates that
in both fits the peak originates from the D13(2080) with a
mass of 1936 MeV if SAPHIR data were used or 1915 MeV
if CLAS data were used. This result is in good agreement
with the finding from several recent studies [7,8,9]
3 Kaon Electroproduction
For kaon electroproduction the longitudinal amplitudes F5
and F6 should be taken into account in Eq. (5). These
amplitudes are given by
F5 =
∑
ℓ≥0
{
(ℓ + 1)Lℓ+P
′
ℓ+1 − ℓLℓ−P
′
ℓ−1
}
, (8)
F6 =
∑
ℓ≥1
{ℓLℓ− − (ℓ+ 1)Lℓ+}P
′
ℓ , (9)
where the longitudinal multipoles are related to the scalar
ones by Lℓ± = k0Sℓ±/|k|.
For the nucleon we use the standard Dirac and Pauli
form factors, whereas for the kaon we adopt the vector-
meson-dominance model. The dependence of the A¯Rℓ± mul-
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Fig. 3. Differential cross sections obtained from Fit 1 and Fit
2 as functions of W and cos θK .
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Fig. 4. Comparison between experimental total cross sections
with the predictions of Fit 1 and Fit 2. Experimental data
shown in this figure were not used in the two fits.
tipole to the Q2 is assumed to be
A¯Rℓ±(Q
2) = A¯Rℓ±(0) (1 + a1Q
2) e−a2Q
2
, (10)
where a1 and a2 are fitting parameters.
In the fitting database we used 178 data points, includ-
ing the transfered Λ polarization components P ′z′ , P
′
x′ , P
′
z
and P ′x data from CLAS [11]. Note that in the latter we do
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Fig. 5. Transfered Λ polarization components P ′
z′
and P ′
x′
(upper panels) and P ′z and P
′
x (lower panels) obtained from
the two models compared with the new CLAS measurement
[11]. Here, both Q2 and ΦK have been averaged.
not use the data which are averaged over Q2 and dΩ due
to their accuracies and, furthermore, it is found that they
are relatively difficult to fit. The comparison between ex-
perimental data and our calculation for the transfered Λ
polarization components is shown in Fig. 5. Surprisingly,
Fit 1 (obtained from fitting to the SAPHIR photoproduc-
tion data) yields a better explanation of the CLAS trans-
fered Λ polarization data.
Very recently, the CLAS collaboration has completed
its analysis and published a relatively large number of
kaon electroproduction data [12]. These data are also not
used in the fit, for practical reasons, but we compare them
with the result of the present analysis in Fig. 6. As can
be seen from this figure, the same conclusion (as for the
transfered Λ polarization) can be drawn from this result.
4 Conclusion
We have analyzed the KΛ photo- and electroproduction
data by using a multipole approach and the latest avail-
able experimental data. Our results show that the discrep-
ancy between CLAS and SAPHIR photoproduction data
results in substantially different calculated electroproduc-
tion observables. Surprisingly, the new CLAS electropro-
duction measurements can be better explained by a model
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Fig. 6. Comparison between the calculated longitudinal and
transverse differential cross sections with the new CLAS data
[12] at Q2 = 1 GeV. Except the two data points shown by solid
circles at W = 1.85 GeV [10], all data are not used in the fits.
that fits the SAPHIR data. Our next goal is to consider
the KΣ channels. These channels are of interest because
they can be related by using isospin symmetry [13].
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